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KEYWORDS Summary Le Fort distraction osteogenesis is sometimes applied to improve the facial 
Crouzon syndrome; appearance in craniofacial dysostosis or cleft lip and palate. Distraction devices are generally 
Apert syndrome; classified into external and internal types. The movement of external distractors can be 
Cleft lip; controlled easily but their large size and the need for a facial mask cause much psychological 
Midface hypoplasia; stress to the patient. Internal distractors are smaller and better tolerated, but they are not 
Le Fort; easily controllable and removal is difficult. 

Distraction We designed an internal distraction device to eliminate the problems of the currently avail- 
osteogenesis; able distractors —Nakajima’s angle-variable internal distraction (NAVID) system — and aimed 
Internal distraction to assess its clinical applicability. Between 2000 and 2010, we treated 16 patients with the NA- 
device VID system: Le Fort I, Ill, HI + | and IV distractions were performed in three, five, four and four 


patients, respectively. Distraction was started after a 1-week latency period. Then, the 
exposed rod was cut, and the distractors were left in place for 3 months or more as retention 
devices, and thereafter removed. All patients showed satisfactory occlusion and facial 
aesthetics. Open bite during the consolidation period was the main complication. 

In conclusion, the NAVID system is safe, effective and reliable for all types of Le Fort distrac- 
tion osteogenesis. 
© 2011 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published by 
Elsevier Ltd. All rights reserved. 
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Le Fort osteotomy is a common procedure for improving the 
facial profile and acquiring normal occlusion, and it may 
involve distraction osteogenesis. Because Le Fort distrac- 
tion osteogenesis can achieve sufficient advancement of 
the midface in a direction opposite to that of the soft-tissue 
tension, it is useful in cases of cleft lip and palate or 
craniofacial dysostosis. 

Distraction devices are usually classified into external 
and internal devices. External distraction devices are 
rather commonly used, primarily because of the ability to 
control the direction of distraction and acquire the inten- 
ded occlusal status. However, patients require a consolida- 
tion period of 6—8 weeks and experience stress due to the 
large-sized external device.'~* On the other hand, internal 
distractors for Le Fort | distraction osteogenesis have 
several potential advantages over external designs. The 
distraction mechanism is not visible, improving patient 
acceptance during the treatment course” ’ and no external 
scars are visible. However, their disadvantages include 
difficulty in screw fixation because of the device size in 
comparison with the hypoplastic maxilla, impossibility of 
three-dimensional control and intraoral discomfort until 
device removal. Internal distractors for Le Fort IIl distrac- 
tion osteogenesis have the same disadvantages.®”” Further, 
because the device rod exits the skin at the pre-auricular 
area, external scars are noticeable. 

To overcome the aforementioned problems, we have 
developed an internal distraction device —Nakajima’s 
angle-variable internal distraction (NAVID) system. In this 
study, we introduce this system and describe its applica- 
bility for different types of Le Fort distraction osteogenesis. 


Materials and methods 


The NAVID system 


The devices in the NAVID system are classified into the 
maxillary and zygomatic distractors (Figure 1). 

These distractors have a three-dimensionally movable 
joint at the anterior fixation plate and a two-dimensional 
joint at the plate for attachment to the skull. The angle 
formed by the distractor arms changes as distraction 





Figure 1 The NAVID system. The zygomatic (above) and 
maxillary (below) distractors are shown. 
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progresses, because of the three-dimensionally movable 
joint (Figure 2). Therefore, the distractors do not contact 
bone, preventing interference in the distraction process 
and excessive force on the distractor or Le Fort segment. 
Further, the zygomatic and maxillary distractors lie parallel 
and do not interfere with each other. 


Study population 


Sixteen patients with craniofacial deformities underwent 
Le Fort distraction osteogenesis with the NAVID system at 
Keio University Hospital, Tokyo, between 2000 and 2010 
(Table 1). Their age at surgery ranged from 5 to 38 years 
(mean = 16.5 years). All clinical and radiographic data 
were retrospectively analysed. 


Preparation 


Before the operative procedure, lateral cephalograms were 
analysed to determine the type of Le Fort osteotomy and 
distraction distance. For craniofacial dysostosis, the loca- 
tion of the porion is sometimes displaced inferiorly; hence, 
a more detailed analysis was performed.'® A full-scale 
three-dimensional model was used for preoperative simu- 
lation; the route through the temporal fossa was deter- 
mined by examining the position of the coronoid process 
and the distractor plates were bent to adapt to the maxil- 
lary form. 


Operative procedure 


The routes for distractor insertion are shown in Figure 3. 





Figure 2 Principle of the maxillary distraction device. The 
angle formed by the bilateral distractor rods changes as 
distraction progresses, because of the three-dimensionally 
movable joint, enabling uninhibited distraction. 
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Table 1 Patient clinical data. 

No Diagnosis 

1 Crouzon’s synd 

2 Crouzon’s synd 

3 Crouzon’s synd 

4 Crouzon’s synd 

5 Crouzon’s synd 

6 Crouzon’s synd 

7 Crouzon’s synd 

8 Crouzon’s synd 

9 Apert’s synd 

10 Apert’s synd 

11 Apert’s synd 

12 Apert’s synd 

13 Pfeiffer synd 

14 Bicoronal synostosis 
15 Cleft lip and palate 
16 Cleft lip and palate 


Maxillary distractor 
The maxillary distractor was used bilaterally for Le Fort | 
and Ill distraction osteogenesis. Through a buccal incision, 
periosteal dissection was performed on the maxilla, ante- 
rior to the pterygomaxillary junction. A second incision of 
2 cm length was then made on the temporal bone. Before 
performing Le Fort | osteotomy, the introducer of the NAVID 
system was inserted into the temporal fossa, the distractor 
was inserted into the introducer from the oral side and 
fixation sites at the zygomaticoalveolar crest were drilled 
for accurate placement of the device. After Le Fort | 
osteotomy with down-fracture, the anterior plate of the 
device was fixed at the zygomaticoalveolar crest and the 
posterior plate was fixed onto the temporal bone just above 
the auricle (Video 1). 

Supplementary video related to this article can be found 
at doi:10.1016/j.bjps.2011.08.009 


Zygomatic distractor 

The zygomatic distractor was used bilaterally for Le Fort III 
and IV distraction osteogenesis. The osteotomy was per- 
formed through a bicoronal incision. Then, the anterior 
plate of the distractor was fixed onto the malar eminence 
or supraorbital bar and the posterior plate was fixed onto 
the temporal bone. 

After a 1-week latency period, distraction was started at 
the rate of 1mm per day. Rotation in the horizontal plane was 
controlled by changing the degree of distraction bilaterally. 
After distraction was discontinued, the exposed parts of the 
distractor arms were cut near the skin. The distractors were 
left in place as retention devices for 3 months or more and 
thereafter removed under general anaesthesia. 


Questionnaire 


The questionnaire for assessing psychological stress 
included the following points: “commuting to the school or 
company” was used as a measure of the stress experienced 
because of contact with acquaintances; “going outside 


Age (year) 


5 
11 
12 
19 
19 
38 

9 
15 
16 
15 

6 
17 
11 
23 
20 
20 


63 


Sex Osteotomy 


IIl 
IIl 
IIl 
II + | 
Hl + | 
Hl + | 
IV 
IV 
IIl 
II + | 
IV 
IV 
IIl 


(except for school)” was used to assess the stress experi- 
enced upon contact with strangers; “inconvenience to eat” 
was used as a measure of limitations due to open bite; and 
“pain” and “wound care management” were used as indi- 
cators of discomfort and difficulty in managing the 
distractors. 





Figure 3 Schematic representation of the routes for dis- 
tractor placement. The routes of the maxillary (upper) and 
zygomatic (lower) distractors are shown. 
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Table 2 Questionaires and the results. 
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questionaire Psychological stress Grade total 
less SOSO much 

Commuting to the school or company 12 3 0 16 

Going outside (except for school) 13 4 0 16 

Inconvinience to eat 7 9 0 16 

Pain 15 1 0 16 

Wound care management 16 0 0 16 


Results 


The mean consolidation period was 7.3 months, and the 
follow-up period ranged from 12 months to 10 years 
(mean = 20 months). All patients showed satisfactory 
occlusion and facial proportions after the procedure. 
Furthermore, almost all reported reduced psychological 
stress during the consolidation period (Table 2). 

No patient developed any systemic infections; when 
local signs of inflammation were noted around the exit sites 
of the distractors, prophylactic antibiotics were adminis- 
tered. There was no delay in the treatment course. The 
main complication was open bite in the patients with the 
maxillary distractors. However, this condition improved 
slightly during the retention period and resolved soon after 
the distractors were removed in all cases. 

No patient required additional surgery at the time of the 
study. However, because patients #1, #7 and #11 were 


operated upon before skeletal maturity, the need for 
further operative procedures was considered after 
complete facial skeletal growth to correct possible cross- 
bite due to prognathism. 


Representative case 1 


Patient #16 was a 20-year-old male with left cleft lip and 
palate (Figure 4, upper panel). He had undergone cheilo- 
plasty at the age of 3 months and palatoplasty at the age of 
1.5 years. Severe maxillary recession with midface hypo- 
plasia became evident during his teenage years. From the 
cephalometric analysis, Le Fort | distraction osteogenesis 
was considered to correct the dental discrepancies. 

The total distraction length was 12 mm. An elastic band 
for maxillary traction was applied subsequently. After a 1- 
year consolidation period, the distractors were removed. 
Satisfactory occlusion without relapse was maintained at 1 





Figure 4 


Le Fort | distraction osteogenesis in a 20-year-old male patient with cleft lip and palate (Patient 16). (above) reo- 


perative frontal, lateral, and intraoral views as well as lateral cephalogram. (below) One-year postoperative frontal, lateral, and 
intraoral views as well as lateral cephalogram. (right, middle) Lateral cephalogram at the end of distraction. 
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year after the distractors were removed (Figure 4, lower 
panel). 


Representative case 2 


Patient #3 was 12-year-old female with Crouzon syndrome 
(Figure 5, upper panel). She had undergone total cranial 
remodelling for the craniosynostosis at the age of 6 months. 
With growth, exophthalmos and maxillary recession with 
midface hypoplasia became evident. Le Fort III distraction 
osteogenesis was performed on the basis of the cephalo- 
metric analysis. 

The total distraction length was 14 and 8.5 mm with the 
zygomatic and maxillary distractors, respectively. After a 4- 
month consolidation period, the distractors were removed. 
Satisfactory occlusion without relapse and acceptable 
facial aesthetics were maintained at 5 years after the dis- 
tractors were removed (Figure 5, lower panel). 


Representative case 3 


Patient #12 was 17-year-old female with Apert syndrome 
(Figure 6, upper panel). She had undergone total cranial 
remodelling for craniosynostosis at the age of 6 months. 
With growth, exophthalmos, maxillary recession and fore- 
head retrusion became evident. Le Fort IV distraction 
osteogenesis was performed. 

The total distraction length was 23 and 13 mm with the 
zygomatic and maxillary distractors, respectively. After a 7- 
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month consolidation period, the distractors were removed. 
Satisfactory occlusion without relapse and acceptable 
facial aesthetics were maintained at 5 years after the dis- 
tractors were removed (Figure 6, lower panel). 


Discussion 


Cases of craniofacial dysostosis or cleft lip and palate with 
significant maxillary hypoplasia were treated with orthog- 
nathic surgery in the past. However, the traditional approach 
of Le Fort osteotomy with repositioning of the maxilla and 
Stabilisation of the mobile segment with miniplates and bone 
grafts has yielded less-than-acceptable results and a high 
rate of relapse.''’'? In addition, Le Fort surgery has a high 
incidence of morbidity including avascular necrosis and its 
severe consequences. '? Therefore, distraction osteogenesis 
has become accepted as a suitable treatment alternative for 
patients with maxillary hypoplasia. 

Various techniques for maxillary distraction are currently 
used. Rigid external distraction (RED) has proven extremely 
successful’ * and is more commonly used than the other 
techniques.'* However, it has several disadvantages, the 
main being great patient discomfort.'? Consequently, many 
patients request home schooling during the entire treatment 
period. Further, one cannot deny the stigmata of the 
external halo and distractors.' Pin fixation of the halo can 
also be a problem. A recent retrospective analysis showed 
that pin loosening (42.9%) and frame migration (28.6%) are 
the most frequent complications of RED. '° 





Figure 5 


Le Fort Ill distraction osteogenesis in a 12-year-old female patient with Crouzon syndrome (Patient 3). (above) 


Preoperative frontal, lateral, and intraoral views as well as lateral cephalogram. (below) One-year postoperative frontal, lateral, 
and intraoral views as well as lateral cephalogram. (right, middle) Lateral cephalogram at the end of distraction. 
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Figure 6 


Le Fort IV distraction osteogenesis in a 17-year-old female patient with Apert syndrome (Patient 12). (above) Preop- 


erative frontal, lateral, and intraoral views as well as lateral cephalogram. (below) One-year postoperative frontal, lateral, and 
intraoral views as well as lateral cephalogram. (right, middle) Lateral cephalogram at the end of distraction. 


For the maxillary distractor in the NAVID system, we 
applied a distraction route starting from the temporal 
fossa, under the zygomatic arch, between the coronoid 
process and the sphenoid bone, and finally reaching the 
zygomaticoalveolar crest. This approach has not been 
applied earlier, possibly because of the notion that the 
distractor should be anchored just above and below the 
osteotomy line. However, patients with craniofacial dys- 
ostosis have not only a retrusive but also vertically short 
maxilla, resulting in anterior open bite. If the distraction 
vector is set below the horizontal, vertical lengthening 
would be accomplished along with midface advancement. 
Therefore, the direction of distraction in the maxilla is 
naturally suitable for treating craniofacial dysostosis. 
Similarly, the zygomatic distractor is fixed temporally. 
Consequently, every type of Le Fort distraction osteo- 
genesis is possible with the NAVID system. 

The NAVID system is structurally simple and small; it is 
easy to place, anchors to sturdy bone and distributes the 
forces of distraction equally across the distractor, making 
three-dimensional control during distraction possible. 
Further, it is cosmetically acceptable because the dis- 
tractor rods can be cut after the distraction period and no 
part is visible during the consolidation phase. Patients can 
therefore tolerate a long consolidation period, preventing 
relapse. Another advantage is related to scars: the rods of 
the NAVID system are hidden by hair. Removal is easy and 
does not require a surgical procedure: the distractors are 
removed by rotation via a small incision, the fulcrum 
attachment device is taken out via the same incision and 


the foundation device is removed via a small incision above 
the first one. 

The NAVID system is suitable for improving aesthetics 
and function in midface hypoplasia, especially for cor- 
recting exophthalmos and occlusion. In our experience, 
severe exophthalmos is one of the causes of negative social 
life and character development. Therefore, early correc- 
tion of exophthalmos (i.e., before entering school) would 
improve the psychological state of the patient. Of course, 
patients with intermediate dentition have poor occlusion, 
and incomplete mandibular growth could cause cross-bite 
due to prognathism. In such patients, we corrected only the 
exophthalmos. They will require further operations to 
obtain good occlusion after complete facial skeletal 
growth. 

In conclusion, within the limitations of this study (i.e., 
small sample size and lack of comparative analysis), we 
believe the NAVID system is suitable for all types of Le Fort 
distraction osteogenesis. 
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Supplementary data associated with this article can be found, 
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